In vitro translated proteins from poly(A+)RN A of immature barley starchy endosperm and embryos were immunoadsorbed with antibodies raised against proteins of aleurone layers, starchy endosperm and embryos. F our starchy endosperm and eight embryo specific tran scripts were detected. In addition, several m RNA s were restricted to only two of the three tis sues.
Introduction
O ne app ro ach for understanding the m olecular basis o f organ developm ent and differentiation is the identification o f organ specific proteins, tra n scripts and their genes. In spite o f the long history o f cereal grain protein characterization, only a few tissue specific proteins or transcripts from barley grains have been found. The m ain reason for this is th a t protein studies have m ainly been m otivated by n u tritio n al o r brew ing problem s [1, 2] ra th e r th a n by problem s in developm ental biology. In the barley grain, consisting o f the starchy endosperm , the surroun d in g aleurone layer und the em bryo, the m ost ab u n d a n t group o f proteins is the prolam ins (hordeins) [3, 4] regulatory sequence elem ent shared by m any of the cereal prolam in genes, the -300 elem ent [5, 6] .
A m ong the nine different ab u n d an t barley grain proteins investigated by M undy et al. [7] only ASI (am ylase/subtilisin inhibitor) and PSI (protein synthesis inhibitor) were found to be regulated in a tissue-specific m anner, i.e. being present only in the starchy endosperm . H ow ever, no d a ta have been published on the accum ulation o f these tra n scripts in the barley em bryo.
The m ain purpose o f o u r present w ork is to identify potential organ-specific transcripts in the aleurone, starchy endosperm and em bryo. Three different approaches were used. Firstly, SDS-P A G E p attern s o f in vivo proteins from the aleu rone layer, starchy endosperm and em bryo were co m pared in o rd er to identify potential tissue-specific protein bands. Secondly, antibodies raised against fractio n ated proteins from the three grain tissues were used to im m unoadsorb proteins tra n s lated in vitro poly(A +)R N A o f starchy endosperm a nd em bryo. Thirdly, to com plete the investiga tion by M undy et al. [7] on the expression p attern o f eight proteins in im m ature barley grains, in vitro tran slated proteins from em bryo poly(A +)R N A were im m unoadsorbed w ith the sam e set o f a n ti bodies. P la n t m a te ria l P lants o f H o rd eu m vu lgare L. va r d istic u m cv. Bomi were grow n under co n tin u o u s light at 15 °C for 16 h and 10 °C for 8 h. The plan ts were su p plied weekly w ith a solution co ntaining 0.02% (w/v) S uperba, and 0.005% (w/v) calcium nitrate. Seed age was estim ated as the n u m b er o f days after pollination.
A n tib o d ie s
Polyclonal antibodies (kindly provided by D r. M undy, C arlsberg R esearch C entre, C openhagen) were used against the follow ing seed proteins:
(1) PSI, a "protein synthesis in h ib ito r" w ith a m olecular m ass o f 31 k D a [7, 8] , also referred to as protein K [9] . (2) Protein C, a chitinase o f 28 k D a [9, 10] . (3) PA PI, a " probable am ylase/protease in h ib ito r" o f a b o u t 12 k D a [11, 12] , (4) ß-am ylase o f 57 k D a [13] , (5) A SI, an a-am ylase/subtilisin in h ib ito r o f 21 k D a [14] , (6) The chym otrypsin in hibitors CI-1 and CI-2, w ith m olecular m asses o f a ro u n d 9 k D a [7, 15, 16] , In ad d itio n , antibodies against fraction X, a protein fractio n isolated from beer which includes protein Z o f a b o u t 40 kD a, were used [17, 18] , In vivo p ro te in e x tr a c tio n a n d a n tib o d y p r e p a r a tio n Proteins were extracted from freeze-dried pure aleurone layers (21 D A P grains), starchy en d o sperm (21 D A P grains) and em bryos (34 D A P grains). The tissues were isolated as described [19] Follow ing repelleting, hordeins were extracted from aleurone and starchy endosperm in 50% (v/v) isopropanol, according to D oll and A ndersen [20] , P rotein concentration in album in and globulin extracts was m easured with the B io-R ad protein assay kit, and in the hordein ex tract by the m ethod o f Low ry e t al. [21] . A fter co n cen tratin g by TC Ap recipitation (album ins and globulins) o r w ater-M aterials and M ethods precipitation (hordeins), 125 |ig o f each protein fraction were dissolved in loading buffer and a p plied to gels for coom assie staining. SD S-PA G E was perform ed as described by K lem sdal e t al. [22] . T he rem aining album in and globulin extracts were freeze-dried before im m unization.
To o b tain antibodies against album ins and globulins from pure aleurone, starchy endosperm and em bryo tissue, sam ples o f 550 ^ig, 1500 |ig and 1500 ng (album ins) and 220 |ig, 360 |ig and 750 yig (globulins), respectively, were injected 10 times subcutaneously in rabbits according to standard procedures [23] ,
T issu e p r e p a r a tio n a n d iso la tio n o f p o ly ( A +) R N A F o r isolation o f poly(A +)R N A , pure starchy endosperm tissue was prepared from 21 D A P grains, and em bryos from 26 D A P grains. In the classification system for w heat caryopse [24] , the barley em bryos and endosperm s are b o th in stage IV, characterized by increasing cell size and sto r age protein accum ulation, i.e. when tissue differen tiation is com pleted. This corresponds to the late cotyledon-early m atu ratio n phase, as defined by G alau e t al. [25] , Tw enty one days corresponds to the peak o f storage protein m R N A synthesis in the starchy endosperm , and is the last stage at which the tissue easily can be separated from the sur rounding aleurone cells [7, 26, 27] , Poly(A +)R N A was isolated as described by M undy e t al. [28] .
In v itro tra n sla tio n
Poly(A +)R N A was in vitro translated in rabbit reticulocyte lysate supplied w ith [35S]m ethionine, as described by M undy e t al. [7] .
A n a ly sis o f in vitro sy n th e s iz e d p ro te in s
T C A precipitable radioactivity was determ ined and aliquots taken for analysis o f total in v itro syn thesized polypeptides (0.5 x 105 cpm /lane), for imm u n o ad so rp tio n o f protein fractions (5.0 x 105 cpm /lane), and for im m unoadsorption o f specific proteins (7.5 or 10 x 105 cpm /lane). Im m u n o ad sorption was otherw ise done as described by M u n dy e t al. [7] .
S D S-PA G E was perform ed as described by K lem sdal e t al. [22] , The 14C labelled protein m ark er consisted o f 6.5, 12.5, 25, 46 and 69 kD a proteins (A m ersham ). Gels were p repared for fluorograph y as described by Jonassen et al. [29] . Film s (H yperfilm ß-max) were exposed from 1 to 35 days. D ensitom etrie scanning o f fluorogram s was d one in a Shim adzu CS-930 sp e ctro p h o to m eter. Relative am ounts o f given single proteins were estim ated as described by M undy e t al. [7] ,
Results

P u rity o f isolated tissues
T he purity o f the aleurone layer p rep aratio n is dem o n strated in Fig. 1, showing th a t [22] . Cross sections o f isolated starchy endosperm s and em bryos (not show n) show ed th a t the prep aratio n s were free from contam in atin g tissues.
In vivo p ro tein s SD S -P A G E p attern s o f the album in and g lobu lin extracts o f aleurone layers, starchy endosperm 4) . E stim ated m olecular m ass and solubility characteristics o f these protein bands are listed in Table I . M on ospecific antibodies: A m ong the eight p ro teins assayed for in the present experim ent, PSI, p rotein C and PA PI were n o t detectable in either the starchy endosperm o r the em bryo in vitro tra n slatio n products. A m ong the rem aining p ro teins, A SI and p ro tein Z (in fraction X) were only detected in the starchy endosperm in vitro tran sla tion products, w hereas ß-am ylase, CI-1 and CI-2 were also present in the em bryo, although ß-am ylase and CI-1 w ere reduced 100-fold relative to the starchy endosperm level (Fig. 4 and T able II). T he q u an tity o f C I-2 in the em bryo is co m parable to th a t in the starchy endosperm . H ow ever, the m olecular m ass o f CI-2 is lower in the em bryo th a n in the starchy endosperm , indi cating the expression o f a different gene in this tis sue. The fraction X antibodies a d so rb a 23 k D a protein band in the em bryo th a t is ab sen t from the starchy endosperm (Fig. 4 A, lane 6) . T his protein is n o t ad sorbed from aleurone in vitro tran slatio n products (C athy K alvenes, personal com m un.), and is thus a p o tential em bryo-specific protein.
D iscussion
O ur previous w ork has focused on the identifi cation o f aleurone-specific tran scrip ts and the identification o f p ro m o ter elem ents specifying gene tran scrip tio n in the aleu ro n e layer [19, 30] . D uring the w ork with the cD N A s representing aleurone-specific transcrip ts as well as transcripts com m on to b o th the aleurone an d the em bryo, a need for an overview o f tissue-specific pro teins and transcripts in the barley grain was felt. In the pres ent study, 14 potentially tissue-specific in vivo al bum in and globulin protein b an d s were identified. In this paper, we present S D S -P A G E profiles o f proteins extracted from pure developing aleurone layers. A striking feature o f these gels is the lack o f ab u n d a n t aleurone-specific p ro tein bands. This observation is com patible w ith the lack in aleurone cells o f m assive protein stores like the highly a b u n d a n t B 1 hordein o f the p ro tein bodies in the sta r chy endosperm [31, 32] , O ne possible can d idate for the unidentified protein store in the aleurone grains [33, 34] is the pro lam in Cy (Fig. 1) . The lack o f highly a b u n d a n t aleurone-specific gene-products also agrees well w ith the o b serv atio n th a t the aleurone-specific transcripts identified by differen tial screening o f a 20 D A P aleu ro n e c D N A library are o f m oderate-to-low ab u n d an ce [19] . (Table I) . N o clones c o r responding to the potentially aleurone-specific 23 and 32 k D a protein bands (Table I) were detected in the screening for aleurone specific cD N A s. O ne possible explanation for this is th at the transcripts accum ulate at an earlier stage th an 20 D A P and therefore have escaped o u r detection. O ne such early tran scrip t has been identified in the barley em bryo by Bartels et al. [35] .
Based on the im m unological properties o f in vi tro translated proteins adsorbed w ith antibodies directed tow ard different protein fractions, four starchy endosperm and eight em bryo-specific tr a n scripts were identified in the present experim ents (Table I) . C om parison o f the in vitro translated p roteins w ith published d ata and w ith in vivo p ro teins is difficult for several reasons. M olecular masses o f in vitro translation p roducts m ay be higher th a n those o f their corresponding in vivo proteins due to unprocessed leader sequences, and protein band intensities on fluorogram s depend on the num ber o f m ethionine residues, w hich is highly variable (Table II) .
In spite o f these com plications, several tissuespecific bands w ith sim ilar m olecular masses do correspond to each other on the in vitro and in vivo gels. Thus, in the starchy endosperm , the in vitro and in vivo album in bands o f 90 and 88, 57 and 62, 19 and 16 as well as the 15 and 11 k D a globulin bands, respectively (Table I) In addition to the tissue-specific protein bands, a num ber o f bands were identified in tw o o f the three grain tissues (Table I) . Such gene products m ay reflect com m on functions shared by the tw o tissues in question. One exam ple o f a com m on function between tw o barley grain tissues is the se cretion o f hydrolytic and proteolytic enzymes by the scutellum o f the em bryo and by the aleurone layer during germ ination [28, 33, 34, 36] , W hether this p articular functional sim ilarity is also reflected in the expression o f identical genes during grain developm ent is, however, unknow n.
T aking also quantitative aspects in to co n sid era tion, the present investigation reveals large d iffer ences in the overall SD S-PA G E p a tte rn s o f in vitro translated proteins from the three different grain tissues. H ow ever, we have listed as tissue-specific those in vitro translated proteins th a t could be identified in only one o f the three tissues.
H aving identified tissue-specific tran scrip ts the question arises how they can be isolated for use in developm ental biology studies. O ne m eth o d to iso late the transcrip ts is differential screening o f cD N A libraries m ade from p o ly (A +)R N A o f the tissue and stage u nder investigation [19] . Im m unoscreening o f selected cD N A clones in expression libraries, using the same set o f antibodies as used in the present investigation, can also be carried o u t for the identification o f cD N A s encoding the tis sue-specific p roteins described in this paper.
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